The events involved in the structural interaction between the diazotrophic endophytic bacterium Herbaspirillum seropedicae, strain RAM10, labeled with green fluorescent protein, and pineapple plantlets 'Vitória' were evaluated by means of bright-field and fluorescence microscopy, combined with scanning electron microscopy for 28 days after inoculation. After 6 hours of inoculation, H. seropedicae was already adhered to the roots, colonizing mainly root hair surface and bases, followed by epidermal cell wall junctions. Bacteria adherence in the initial periods occurred mainly in the form of solitary cells and small aggregates with pleomorphic cells. Bacteria infection of root tissue occurred through the cavities caused by the disruption of epidermal cells during the emergence of lateral roots and the endophytic establishment by the colonization of intercellular spaces of the cortical parenchyma. Moreover, within 1 day after inoculation the bacteria were colonizing the shoots. In this region, the preferred sites of epiphytic colonization were epidermal cell wall junctions, peltate scutiform trichomes and non-glandular trichomes. Subsequently, the bacteria occupied the outer periclinal walls of epidermal cells and stomata. The penetration into the shoot occurred passively through stoma aperture followed by the endophytic establishment on the substomatal chambers and spread to the intercellular spaces of spongy chlorenchyma. After 21 days of inoculation, bacterial biofilm were seen at the root hair base and on epidermal cell wall surface of root and leaf, also confirming the epiphytic nature of H. seropedicae.
INTRODUCTION
Diazotrophic bacteria have been isolated from various plant species and contribute particularly to promote the growth of the host plant (1) . The first diazotrophic bacteria with endophytic characteristics isolated were initially described as Azospirillum seropedicae (3) . The bacteria were isolated from roots of sorghum, maize and rice, and later re-classified based on studies of DNA homology into a new genus, Herbaspirillum, and renamed Herbaspirillum seropedicae (2) .
This gram-negative bacterium is rod-shaped, has polar flagella and low survival in soil (2, 23) . Bacteria of this genus are *Corresponding Author. Mailing address: Universidade Federal de Viçosa, Campus de Florestal (UFV), Rodovia LMG, 818, km 6 -35690-000, Florestal, Minas Gerais, Brazil.; Email: liestrelaborges@gmail.com Interaction between GFP-labeled and pineapple plantlets found on roots, stems and leaves of various grasses (2, 11, 23) and also on tropical fruits such as banana and pineapple (9, 36) .
The potential to promote plant growth of H. seropedicae has been evaluated mainly in species of the Poaceae family, with initially unsatisfactory results (27) , and later, by the selection of strains from in vitro plants (4, 26) , positive results were obtained for rice (4) , maize (29) , and sugarcane (26) . The mechanisms responsible for plant growth promotion by Herbaspirillum are not yet fully elucidated and include not only biological nitrogen fixation (34) , but also the biosynthesis of plant hormones (28) and influence the activity of ACC deaminase (31) .
The steps of the structural interaction between H. seropedicae and the host plant have been evaluated by artificial inoculation and subsequent microscopic analysis in rice plants (11, 14, 30) , sorghum (16) , maize (20) and sugarcane (15, 22, 24, 25, 32) . In sugarcane, Olivares (24) seropedicae are obtained with insertion of genes that express fluorescent proteins, e.g., the green fluorescent protein (GFP), enabling studies of the bacteria-plant interaction in real-time (11, 22) .
For being stable and fluorescence-emitting when directly excited by UV light, GFP can be considered a tool for easy detection by fluorescence and confocal microscopy and, unlike the conventional techniques of microscopy and immunolabelling, requires no chemical reagents, which minimizes the effects of artifacts and allows in situ space-time studies of the plant-microorganism interactions (11, 22) .
The intensification of the use of plant growth-promoting bacteria, such as H. seropedicae, in agricultural systems, depends on knowledge about the structural and physiological mechanisms of interaction. In pineapple, for example, different strains of diazotrophic endophytic bacteria have been isolated and identified (9, 36) with plant growth-promoting potential (6, 35) , but there are no data on the structural events of the interaction.
Therefore, the objective of this study was to investigate the events of the structural interaction between the GFP-labeled bacteria H. seropedicae RAM10 and pineapple plantlets 'Vitória' propagated in vitro over time.
MATERIALS AND METHODS

Plant Material
Pineapple plantlets (Ananas comosus L. Merrill) 'Vitória' 
Bacterial growth and inoculation
The bacteria Herbaspirillum seropedicae strain RAM10, with GFP gene insertion by transposon Tn5, was used. This 
Fluorescence microscopy
The microscopic observations began 6 h after inoculation and were continued on the 1 and LP (long-pass) emission wavelength between 510 and 550.
The photographs were taken by a digital camera Canon Power Shot A640 coupled to the microscope and analyzed using software Zoom Browser EX. 
Bright field microscopy
Bacterial Counts
The number of bacteria present on the pineapple plantlets was performed by the technique of the Most Probable Number 
RESULTS
Root colonization
The green fluorescence from the GFP-labeled bacterium H.
seropedicae strain RAM10 could be easily distinguished from After infection, the endophytic bacteria was established in the intercellular spaces of cortical parenchyma ( Figure 2D ). Seven and 14 days after inoculation, larger epiphytically bacterial aggregates were observed not only on the trichomes and epidermal cell wall junctions, but also on the outer periclinal wall of the epidermal cells ( Figure 5D ) and in the vicinity of the stomatal complexes ( Figures 6A, 6B ). It was found that the penetration of H. seropedicae RAM10 into shoots of pineapple plantlets occurs passively via stoma ( Figure 6B, 6C) . The endophytic colonization however begins in the substomatal chamber ( Figure 6C ) and spread through the intercellular spaces of spongy chlorenchyma of the leaf mesophyll ( Figure 6D ). There was no bacterial colonization on the vascular bundles of the leaf.
On the 21 and 28 th day after inoculation, scanning electron microscopy showed bacterial biofilm on the outer periclinal wall of epidermal cells ( Figure 3C, 3D ). All images of the first 3 days after inoculation were taken at the basal region of the leaf blade, thereafter (7 to 28 days after inoculation), bacterial colonization was also observed in the median region of the leaf blade, indicating a base-to-apex direction of epiphytic colonization along the longitudinal leaf axis.
Population dynamics
The H. seropedicae RAM10 population increased in the first seven days after inoculation, reaching a maximum of seropedicae on pineapple plantlets is essential for studies that aim to intensify the real use of plant growth-promoting bacteria in agricultural systems.
